This work explored the catalytic effect of Pt in multi-wall carbon nanotube and poly-pyrrole conductive polymer electrocatalysts (Pt/PPy/MWCNT). A home-made Pt/PPy/MWCNT catalyst was first evaluated by comparing its electrochemical active surface area (ESA) with E-Tek commercial catalysts by cyclic voltammetry in H 2 SO 4 solution. Then, the methanol oxidation currents of Pt/PPy/MWCNT and the hydrogen peaks in H 2 SO 4 solution were serially measured with microporous electrode. This provided the current density of methanol oxidation based on the ESA, allowing a quantitative comparison of catalytic activity. The current densities were also measured for Pt/C catalysts of E-Tek and Tanaka Precious Metal Co. The current densities for the different catalysts were similar, implying that catalytic activity depended directly on the ESA rather than charge transfer or electronic conductivity.
Introduction
Alcohol is a hydrocarbon which is liquid under normal conditions with a high energy density. It exists in a number of forms, with different numbers of C-H bonds depending on the carbon numbers, and this complexity in molecular structure brings about difficulties in the direct electrochemical oxidation to CO 2 . For the electro-oxidation of alcohols, Pt has generally the highest catalytic activity [1] . Depending on alcohol species, various Pt alloy materials have been employed. 2) Methanol, having the simplest molecular structure, shows the highest reactivity among the various alcohols. During methanol oxidation, CO is adsorbed on the Pt surface and this obstructs further oxidation of CO. It has been suggested that this poisoning effect can be reduced with Pt-Ru alloy metal through the well known bi-functional mechanism. 3) The strong OH adsorptivity of Ru supplies oxygen species to the CO-covered Pt, then CO is oxidized to CO 2 .
Recently, carbon nanotubes (CNTs) were reported to be superior supporting materials compared to carbon black for methanol electro-oxidation. [4] [5] [6] [7] [8] [9] It was also suggested that the conducting polymer enhances the charge transfer rate at the electrode and electrolyte interface. 10) Carbon and conducting polymer composite materials provide three-dimensional distributions of Pt particles, leading to enhancement in catalytic activity from the increased electrochemical active surface area (ESA), enhanced charge transfer rate and electronic conductivity. [11] [12] [13] [14] [15] [16] In particular, pyrroles dope metal anions to compensate for electrical neutralization during its polymerization. 11) So, *E-mail: leecg@hanbat.ac.kr Pt can be doped in the poly-pyrrole (PPy) to provide sufficient stability in air, high electrical conductivity, and commercial availability. Combining the multi-wall CNT and PPy as a conducting polymer has been reported to increase the methanol oxidation activity of Pt and Pt-Ru. 12, 13, 16) However, the carbon-supported Pt and Pt alloy catalysts are deposited on porous shaped carbon supports with large active surface areas. To evaluate the catalytic performance, the porous catalyst is generally mixed with Nafion monomer binder and the mixture is printed onto a plain electrode surface. Therefore, the activity of the porous catalysts is affected by binder dispersion. In this work, we employed a non-binding evaluation method for the porous catalyst.
The porous catalyst (Pt/PPy/MWCNT) was prepared by Pt dispersion in a poly-pyrrole film on multi-wall CNTs.
Then, the catalytic activity in methanol electro-oxidation was measured based on the ESA and compared with home-made Pt/PPy/MWCNT and Pt/C of E-Tek and Tanaka Precious Metal Co.
Experimental
The activity of home-made porous Pt/PPy/MWCNT electro-catalysts was compared with that of commercial Pt/C catalysts. As-received Pt/C from Tanaka precious metal and E-Tek were employed. The Pt/PPy/MWCNT material was prepared as follows: 1 g of multi-wall CNT, supplied by Iljin Nanotech, Korea, was dispersed in Much higher oxidation currents are obtained at 80 o C, indicating that methanol oxidation is activated by increases in temperature. In addition, the facilitated reactions at higher temperature make the peak potentials for oxidation and re-oxidation occur closer together.
Results and Discussion
Another point to be noted is that a larger re-oxidation peak shows that Pt is readily poisoned by reaction intermediates. 
Conclusion

